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In early 1981, economist Edward Leamer gave a speech at the University of Toronto in which he bemoaned the state of econometrics. Econometrics sought the status of a science, with regressions its analogue for the reproducible experiments of chemistry or physics. Yet an essential part of econometric "experimentation" was too often arbitrary, opaque, and unrepeatable. "The econometric art as it is practiced at the computer terminal involves fitting many, perhaps thousands, of statistical models….This search for a model is often well intentioned, but there can be no doubt that such a specification search invalidates the traditional theories of inference" (Leamer 1983 ). The way out of the quagmire, he argued, was for econometricians to explore larger regions of "specification space," systematically analyzing the relationship between assumptions and conclusions.
One econometric debate with hallmarks of the syndrome Leamer describes is that on the effectiveness of foreign aid in developing countries. Since Griffin and Enos (1970) , econometricians have parried over the question of how aid affects economic growth in receiving countries.
Prominent in the contemporary work, Burnside and Dollar (2000) conclude, "aid has a positive effect on growth in a good policy environment." Their evidence: the statistical significance in cross-country panel growth regressions of an interaction term of total aid received and an indicator of the quality of recipient economic policies (aid×policy). But Burnside and Dollar is just one voice among many. Collier and Dehn (2001) , Dollar (2002, 2004) , and Collier and Hoeffler (2004) , corroborated their finding, while others challenged it. From the ongoing debate emerge several stories of the relationship between aid and growth, each of which turns on a particular quadratic or interaction term involving aid. The stories are not incompatible, but most papers support only one. Hansen and Tarp (2001) find that entering the square of aid drives out aid×policy, and makes the simple aid term significant too: aid works on average, but with dimin-ishing returns. Guillaumont and Chauvet (2001) also fail to find significance for aid×policy, and instead offer evidence that aid works best in countries with difficult economic environments, characterized by volatile and declining terms of trade, low population, and natural disasters. In the same vein, Collier and Dehn (2001) find that increasing aid cushions countries against negative export price shocks. Collier and Hoeffler (2004) offer a triple-interaction term: aid works particularly well in countries that are recovering from civil war and that have good policies. Last, Hansen and Tarp, with Dalgaard, say that aid raises growth outside the tropics but not in them (Dalgaard, Hansen, and Tarp 2004) .
These papers differ not only in their conclusions but their specifications too. Within the group, there are two different choices of period length in the panel data sets, three definitions of "policy," three of aid, and four choices of control variable set. Though probably none of the choices is made on a whim, these differences appear to be examples of what Leamer called "whimsy." From Leamer's point of view, the studies taken together represent a small sampling of specification space. And few include much robustness testing. Without further analysis, it is hard to know whether the results reveal solid underlying regularities in the data or are fragile artifacts of particular specification choices. This paper examines the possibility of fragility systematically. Since by the laws of chance any regression can be broken with enough experimentation, it is essential for credibility that the testing suite itself be minimally arbitrary. The tests derive from two sources: the various choices already present in the original specifications; and the passage of time, which allows expansion of data sets (as in Easterly, Levine, and Roodman 2004) . In all, regressions from 7 of the most prominent studies are subjected to this systematic test suite.
Section 1 reviews the approaches and conclusions of the studies that are tested for robustness. Section 2 describes the tests. Section 3 reports the results. Section 4 concludes.
I. History
The hope has often arisen that a turn to the numbers would shed light on the questions of whether and when foreign aid works. In the view of Hansen and Tarp (2000) , this literature has gone through three generations. The first generation essentially spans 1970-72, and mainly investigates the aid-savings link. Influenced by the Harrod-Domar model, in which savings is the binding constraint on growth, aid-induced saving is assumed to lead directly to investment, thence to growth via a fixed incremental capital-output ratio. The second generation runs from the early 1970s to the early 1990s and directly investigates whether aid affects investment and growth.
Hansen and Tarp argue that the preponderance of the evidence from these first two generations shows that 1) aid increases total savings, but less than one-to-one; and 2) that aid increases investment and growth. They suggest that studies with more pessimistic results, such as Mosley, Hudson, and Horrell (1987) , have gained disproportionate attention precisely because they are contrarian.
The third generation commences with Boone (1994) and continues to this day; it is the focus of this paper. The current generation has brought several innovations. The data sets cover more countries and years. Reflecting the influence of the new growth theory, regressors are typically included to represent the economic and institutional environment (sometimes together called the "policy environment"). The potential endogeneity of aid is addressed through instrumenting. And the marginal aid-growth slope is allowed to vary, through incorporation of such regressors as aid 2 and aid×policy. The data sets are almost always panels. Burnside and Dollar (2000) test whether an interaction term of aid and an index of recipient economic policies is significantly associated with growth. Their panel is drawn from devel-oping countries outside the former Eastern bloc, covering the six four-year periods in 1970-93.
They incorporate some controls found significant in the general growth literature, namely: initial income (log real GDP/capita) to capture convergence; ethno-linguistic fractionalization (Easterly and Levine 1997) , assassinations/capita, and the product thereof; the Knack-Keefer (1995) institutional quality variable, "ICRGE"; M2/GDP, to indicate financial depth, lagged one period to avoid endogeneity (King and Levine 1993) ; and dummies for sub-Saharan Africa and fast- trol for all such effects could give spurious explanatory power to policies and aid×policy. Also, variables other than aid and its interaction terms, such as fiscal balance, could be endogenous and need instrumenting too. They deploy the Arellano-Bond (1991) Generalized Method of Moments (GMM) estimator, which is designed to handle these problems in short panels. Hansen 2 They also add a constant term to the index, but this has no effect on the regression results of interest here. (CPIA), which is a composite rating of countries on 20 aspects of policies and institutions.
5 Thye add aid 2 but then drop the linear aid term from their preferred specification as insignificant. After all the changes, aid×policy is again significant, as is aid 2 , with a negative sign.
Stargin from the Collier and Dollar core regression, Collier and Hoeffler (2004) analyze how recent emergence from civil war influences aid effectiveness. Sticking to the four-year panel, they create three dummies to indicate how recently civil war ended. "Peace onset" is 1 in the period when a country goes from civil war to peace. "Post-conflict 1" is 1 the following period, and "post-conflict 2" the period after that-assuming civil war does not recur.
Aid×policy×post-conflict 1 is significant in Collier and Hoeffler's preferred (OLS) specification:
aid works particularly well in a good policy environment a few years after civil conflict.
Also corroborating Burnside and Dollar, Collier and Dehn (2001) hew closely to the Burnside and Dollar specification and data set, and tell a story that incorporates elements from Guillaumont and Chauvet. They find that adding variables incorporating information on export shocks renders Burnside and Dollar's preferred specification-the one with aid×policy but not aid 2 ×policy-more robust to the inclusion of Burnside and Dollar's five outliers. First, they add two variables indicating the magnitude of any positive or negative commodity export price shocks. They report that aid×policy is then significant at 0.01 for a regression on the full data set.
The negative-shock variable is significant too, with the expected minus sign. Bloom and Sachs (1998), Gallup and Sachs (1999) , and Sachs (2001 Sachs ( , 2003 . The causal links may include institutions and economic policies (Acemoglu, Johnson, and Robinson 2001; Easterly and Levine 2003) . Dalgaard,
Hansen, and Tarp thus see tropical area as an exogenous "deep determinant" of growth. In the regressions, aid and aid×tropical area fraction are quite significant, the first with positive sign, the second with negative sign and similar magnitude. For countries situated completely in the tropics, the derivative of growth with respect to aid (the sum of the two coefficients) is indistinguishable from 0. Thus, on average, aid seems to work outside the tropics but not in them. The authors report that their new interaction term drives out both aid×policy and aid 2 .
There are other third-generation studies (Hadjimichael et al. 1995; Durbarry, Gemmell, and Greenaway 1998; Lensink and White 2001; Svensson 1999; Chauvet and Guillaumont 2002; Burnside and Dollar 2004) . This paper focuses on those already highlighted as being among the most influential and, with one exception, having been published. The exception is Collier and Dehn (2001) which is a pillar of the published Collier and Dollar (2004 
where Y is GDP/capita, A is aid, P is policy, x is a vector of controls, including initial GDP/capita, and ε is the error term. So the implied slope of growth respect to aid is 
II. The Test Suite
There is some robustness testing in the recent literature on aid-growth connections, albeit focusing on Burnside and Dollar. Lu and Ram (2001) introduce fixed effects into the Burnside and Dollar regressions. Ram (2004) splits the aid variable into the components coming from bilateral and multilateral donors, and also tests alternative definitions of policy. Dalgaard and Hansen (2001) modify the choice of excluded outliers. Easterly, Levine, and Roodman (2004) extend the Burnside and Dollar data set to additional countries and an additional period, 1994-97. All these tests eliminate the key Burnside and Dollar result. The present study expands Easterly, Levine, and Roodman along two dimensions. It applies more tests. And it tests more studies.
In addition to fragility, the other bugaboo of econometrics is misspecification. Important questions can be raised about the validity of the regressions tested here. Some exhibit serial correlation in the errors. 7 The excludability and relevance of instruments are a legitimate concern.
Regressors treated as exogenous may not be. And term pairs such as aid and aid 2 may be multicollinear. But for the sake of concision, this paper focuses on the problem of fragility.
The Tests
The tests applied to these third-generation aid-growth regressions constitute a more systematic sampling of "specification space" than has hitherto been made. To limit complexity and minimize arbitrariness, each test ideally involves changing just one aspect of the estimations at a time.
The tests are summarized in Table 3 . The first four groups of tests, relating to the controls, the definition of aid and policy, and period length, transfer one specification's choices to the others. 8 Last are tests that modify the sample by dropping outliers and/or expanding to new countries and periods.
The tests are:
1. Changing the control set. In his worries over whimsy, the specification choice that conerns Leamer is that of regressors. The studies examined use four different control sets, which give rise to four robustness tests, detailed in Table 3 . Each substitutes an alternative control set for the original one and examines the effect on the significance of key terms. Table 4 .) But in actually application of the tests, the Burnside-Dollar-style index-forming regression is rerun each time; it includes all regressors except aid and its interaction terms, and the coefficients on the policy variables are used to make the index, regardless of statistical significance. Chauvet regression, whose 12-year periods and unusual environment variable hinder expansion.
Issues in Interpreting Results
If Leamer's (1983) extreme bounds analysis is applied to the results of this testing, then a coefficient will be deemed robustly different from 0 only if it is significantly different from 0 in every test. However, as Sala-I-Martin (1997) The sampling of specification space that is made here is minimally arbitrary, but cannot be assumed to be representative of all possible tests. Thus while Leamer's definition of robustness may be too harsh for this context, Sala-I-Martin's has its own limitations. This will be true even if one performs every possible combination of tests in the suite rather than just one at a time. In the end, it seems that human judgment applied to the full set of results must substitute for mechanical definitions of robustness. This in turn means there is some value in keeping the tests few enough for the human mind to embrace.
III. Results
The first step in the testing is to use the authors' data sets to reproduce their original results (see columns 1 of Table 5 and Table 6 ). All the reproductions exhibit the same pattern of results as the originals and all but one have the same sample size. 13 The Burnside and Dollar, Collier and Dehn, and Hansen and Tarp reproductions are perfect, and the rest are close. Since the purpose of the paper is to test robustness, the inexact matches are not a concern.
If the results from the tested regressions are robust, they should withstand whatever minor changes in data or specification cause the discrepancies in the reproductions. Results from sample-modifying tests appear in Table 6 . The first two result columns are based on regressions on the original authors' datasets-first for their full sample, second for the sample excluding outliers. The next pair of columns is analogous, for the expanded data set. The figures in Appendix 2 illustrate the sample-modifying results, and are reminders of the importance of checking for outliers. Except for Guillaumont and Chauvet, all the original OLS and 2SLS results depend on outliers for some or all of their significance. The dependence is particularly heavy for the regressions involving aid×policy. On the other hand, the lack of significance of most of the coefficients under the sample-expansion test is not driven by outliers. It is worth noting that the Collier and Dehn result on Δaid×negative shock, another interaction term involving a variable with a highly non-normal distribution, is arguably stronger than it looks. The coef- 15 Initial testing revealed multicollinearity in the Collier and Hoeffler regression. In their preliminary regression 3.1 (not regression 3.4, which is tested here), they include the variables post-conflict 1, post-conflict 1×policy, and postconflict 1×aid 2 , along with the favored post-conflict 1×aid ×policy. In the reproduction of 3.1, post-conflict 1×aid×policy and post-conflict 1×aid have a partial correlation of 0.985, making the two statistically indistinguishable. Thus the Collier and Hoeffler results ought to be interpreted as pertaining to either post-conflict 1×aid ×policy or post-conflict 1×aid. Occam's razor argues for the latter. ficient is reversed by the exclusion of outliers from the original sample. But it is arguably fallacious to draw conclusions about the role of shocks having excluded many of the most dramatic examples.
The overall pattern is clear-cut. The 12-year test is the toughest, probably because of the small samples, failing all regressions. The new-data test is not far behind, an important point given that the surgery it involves-a moderate sample expansion-is much less radical. Reading the tables by rows (test subjects) instead of columns (tests), we see that the Dalgaard, Hansen, and Tarp result on the aid-tropics link is the only one to come through the specificiationmodifying tests strongly. But it too falls down on the sample-modifying tests after outliers are removed. Four of the nine outliers are for the Jordan, covering 1974-89, a period in which that non-tropical country experienced high growth and received much aid from its neighbors. This confirms the conclusion of Rajan and Subramanian (2005) that the aid×tropics result is fragile too.
IV. Conclusion
Each of the papers examined here embodies a set of choices about model specification and data.
Aid is measured a certain way. A certain epoch is studied. Periods have a certain length. And so on. Some of these choices imply assumptions about the world, such as, say, that aid is exogenous to growth. All limit the scope of a strict interpretation of the results. A question of great importance for the literature is, how many of such implied assumptions can be dropped without harming the conclusions?
The results reported here suggest that the fragility found in Easterly, Levine, and Roodman (2004) for Burnside and Dollar is the norm in the cross-country aid effectiveness literature.
Indeed, in a counterpoint to the focus of Leamer (1983) , Levine and Renelt (1992) , and Sala-I-Martin (1997) on the choice of controls as a source of fragility, it turns out that modifying the sample generally affects results most. For example, in the Collier and Dollar regression, half of the specification-modifying tests leave the t statistic at 1.49 or higher and two more lower it to near 1.00. (See Table 5 .) But adding more years sends it to -0.19-and, after dropping outliers, to -0.81. (See Table 6 .) Does this mean that the various stories of aid effectiveness should be summarily dismissed? Are recipient policies, exogenous economic factors, and post-conflict status irrelevant to aid effectiveness? Are there no diminishing returns to aid? Is helping the neediest countries a hopeless task? No. There can be no doubt that some aid finances investment, and that domestic policies, governance, external conditions, and other factors these authors study influence the productivity of investment. Why then do such stories of aid effectiveness not shine through more clearly? The reasons are several. Aid is probably not a fundamentally decisive factor for development, not as important as, say, domestic savings, inequality, or governance. Moreover, foreign assistance is not homogeneous. It consists of everything from food aid for famine-struck countries to technical advice on building judiciaries to loans for paving roads. And much aid is poorly used-or, like venture capital, is good bets gone bad. Thus the statistical noise tends to drown out the signal.
Perhaps researchers will yet unearth more robust answers to the fundamental questions of aid policy. Or perhaps they have hit the limits of cross-country empirics. Either way, robust, valid generalizations have not and will not come easily. Despite decades of trying, cross-country growth empirics have yet to teach us much about whether and when aid works. 
Appendix 1. Data set construction
The data set used in this study is based on that of Easterly, Levine, and Roodman (2004) . Some variables in that set have been slightly revised. Others have been added to match the data sets of the tested regressions. The period of coverage has been pushed back to 1958 and forward to 2001 where possible. All data were collected from standard sources, expect for countries' export price indexes, which were provided by Jan Dehn (see Dehn 2000) . (See Table A1 .)
Following are notes on the data set construction:
Revisions since Easterly, Levine, and Roodman (2004) • Some observations for inflation are completed by using wholesale inflation where consumer price inflation was unavailable.
• The update of the Sachs-Warner variable is slightly revised under the influence of the independent update by Wacziarg and Welch (2002) .
• Some missing values for Effective Development Assistance during 1975-95, the period of the EDA data set, are filled in in the same manner as missing values outside this period already were, via a regression of EDA on Net ODA.
• ICRGE now varies over time, rather than taking 1982 values throughout. Observations before 1982 are assigned 1982 values. In addition, the variable is revised in order to extend it after 1997. In 1998, the PRS Group stopped reporting two of ICRGE's original components, Expropriation Risk and Repudiation of Government Contracts. So these were dropped entirely from the variable, leaving Corruption, Bureaucratic Quality, and
Rule of Law. On annual data, the revised ICRGE has a 0.97 correlation with the original.
• Some missing values for ethno-linguistic fractionalization are filled in from Roeder (2001) .
Expansion of period
• Data was collected where available for 1958-2001.
• The Collier and Dehn shocks variables are only updated to 1997 because the underlying data on export prices in Dehn (2000) cease in 1997.
• The Guillaumont and Chauvet environment variable is not updated, for lack of underlying data on its four components.
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